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(54) Maintenance systems for degradation of plant component parts. 



(57) A system of preventive maintenance for plant 
component parts, wherein they are maintaine d^-, 
by knowing the degrees of various influencing 
factors on degradation at the positions thereof, 
comprising the steps of: obtaining a corre- 
lation between the parameters for determining 
the transition probability distribution of degra- 
dation phenomena thereof ; making the degree 
of the other influencing factor constant by aim- 
ing at an arbitrary influencing factor with res- 
pect to each of various influencing factors of 
said degradation phenomena ; giving the aimed 
influencing factor as a variable, selecting one of 
the parameters for said transition probability 
distribution and representing the selected par- 
ameter as a first function ; determining the 
reference degrees of various influencing factors 
and setting the transition probability distribu- 
tion of said degradation phenomena when the 
variables of various influencing factors are said 
reference degree value as a reference system ; 
knowing a value of said selected parameter for 
determining the transition probability distribu- 
tion of the reference system ; computing a ratio 
between said first function and the value of said 
selected parameter in the reference system to 
give a function of the subdivided index of deg- 
radation of the aimed influencing factor ; multi- 
plying a product of said subdivided index of 
degradation of various influencing factors by a 
unit conversion and a coefficient for reliability 



to define it as an index of degradation for 
expressing a possibility for the generation of 
said phenomena ; using the correlation 
between the index of degradation and said 
selected parameter for determining the transi- 
tion probability distribution of the degradation 
phenomena in many systems of said degrada- 
tion phenomena ; determining the value of said 
selected parameter for determining the transi- 
tion probability distribution of the degradation 
phenomena from the variables of degrees of the 
influencing factors on the degradation pheno- 
mena in an evaluation system ; using said corre- 
lation between the parameters for determining 
the transition probability of said degradation 
phenomena ; determining the value of the other 
parameter in the transition probability distribu- 
tion of the degradation phenomena from the 
value of said selected parameter for determi- 
ning the transition probability distribution of the 
degradation phenomena in the evaluation sys- 
tem ; estimating the transition probability distri- 
bution of the degradation phenomena in the 
evaluation system ; and predicting by a compu- 
tational equation the possibilities of the degra- 
dation phenomena at the positions of said plant 
component parts to be the evaluation system. 
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The present invention relates to a method of improvement of reliability for nuclear plants, thermal electric 
power plants, chemical plants, etc., a method of their operation control and control device, and their system. 

Specifically, it relates to a method of preventive maintenance for the plant components, a method of im- 
provement of reliability on the plant components for constructing the plant which improves the reliability on 
5 the plant component and a method of operation control for the plants and their control device and system by 
preventing the degradation such as a stress corrosion cracking (which will be abbreviated as a SCC thereafter) 
of an environmental assisted degradation. 

In a prior art, it is desired to establish the technology of prediction, a selection method of maintenance for 
the degradation of the material of component in an industrial plant, such as the degradation of the component 
10 parts in a specific operating plant or plant under design or construction for preventing SCC and a direction to 
the optimal development of preventive maintenance. 

In other words, it is desired to establish an evaluation method for being capable of quantitatively extracting 
the potential point of SCC every each position of the plant component for the preventive maintenance of SCC 
in the material of component. It is also necessary to establish a technology of evaluation which can be made 
is use of as a technical specification at the designing and preparing stages of a new plant and which can exactly 
exclude some points having possibility of the generation of SCC. 

Therefore, of all technologies of stress corrosion cracking (SCC) in reliability engineering, as a prior art, 
a theory of the factors of improvement has given its remarkable contribution to the verification to 316 (316NG) 
steel for nuclear energy utilization [R. Post and j. LeMaire : Statistical Approach to Qualify Countermeasure; 
20 Proceeding Seminar on Countermeasure for BWR Cracking: January 22-24, 1980 EPRI-WS'-174 (1980)]. 

In the disclosure of Japanese Pat. Laid Open Pub. No. 3-5 5403, there is known a method of preventive 
maintenance which evaluates the residual life of a plant component, resulting in determining the inspection 
items at the next time and arranging remedy, replacement and reconstruction. At this time, the residual life of 
a plant component is evaluated on the basis of the reference state, i.e., creep, fatigue and oxides. However, 
25 SCC has not yet been taken into consideration. 

Also, another method of evaluation of residual life is disclosed in Japanese Pat Laid Open Pub. No. 3- 
1 46897, and this disclosure is intended to be applied to the carbon seal of CRD. A residual life can be computed 
by taking temperature as a parameter, obtaining the characteristics of time-dependent degradation indicating 
each bend strength from operating data and accelerated test data, and determining the resulting time up to 
30 the limit of degradation. However, no environmental degradation, e.g., SCC, has not yet been taken into con- 
sideration. 

However, this theory of the factors of improvement is an evaluation technology of improvement factor of 
SCC of an evaluation life system against the reference life system in the case of keeping the values of variables 
of other influencing factors with the same condition in the both systems by aiming at only one of various inf lu- 
35 encing factors on SCC. Since each influencing factor on SCC is different in values of variables from each other, 
depending on the comparing factors (i.e., reference life system) and the factors to be compared (i.e., evaluation 
life system) in the case of each position in a plant component, it is impossible to compare the residual life in 
the evaluation system with that in the reference system and another theory is required. 
. As a technology for satisfying this demand, the present applicant previously proposed "a method of eval- 
40 uation for the characteristic reliability of the material of component 0 (Japanese Pat. Laid Open Pub. No. 4- 
305155). In this invention, there are shown an equation totally incorporating each influencing factor on SCC 
and each evaluation index on the basis of accelerated test data of laboratory. 

However, in the case of applying a life prediction equation of degradation obtained in laboratory to an actual 
field life prediction of degradation in the preventive maintenance of degradation of component parts in an op- 
45 erating plant or plant under design or construction, no evaluation has been made about whether or not the file 
phenomena of the degradation in actual plants belong to the same category with those of the degradation ob- 
tained by an acceleration experiment in laboratory. 

For the preventive maintenance of degradation in actual plants, it is necessary to evaluate the life phe- 
nomena of the degradation in the material of a component in relation with its transition probability distribution 
so or hazard function. In the proposal described above, however, no consideration has been taken in this respect. 

Furthermore, a method theory or system for determining the application of the technologies of preventive, 
maintenance by predicting the transmission probability of the degradation and further, a relation with their prof- 
itability have not yet been clarified. 

Also, a method for obtaining the residual life in the above-mentioned Japanese Pat. Laid Open Pub. No. 
55 3-146897 becomes complicated and cannot correspond to the complex phenomena, such as SCC and others, 
which are due to the combination of many influencing factors. 

On the other hand, the evaluation method developed by the present inventors can handle many influencing 
factors and be used in combination with a prior art evaluation of residual life. 
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However, as a result of examining this method of evaluation, which can handle many influencing factors 
with respect to the plant components, it has been found that there is a need of Improving the reliability of con> 
ponents more positively even for new plant components, and that if this method of evaluation is used quickly 
the evaluation of the components can be carried out effectively. 

For preventing the environmental assisted cracking of the material of a component by a method of oper- 
ation control for a plant, there are written proposals, e.g.. Japanese Patent Publication Nos. 63-19838 and 2- 
25435. Japanese Pat Laid Open Pub. Nos. 63-231298. 64-84189. 64-84192 and 1-102396. 

In a prior art proposal with regard to plant operation method, there are also the following problems as a 
whole. 

(1) For the prevention of an environmental assisted cracking, a relation between a stress corrosion crack- 
ing as an estimate in the case of controlling a hydrogen injection content and a dissolved oxygen content 
or between the prevention of a stress corrosion cracking and itscorrosion potential bases on the experi- 
mental data obtained by accelerating the sensitization of stress and material thereof, while using a test 
piece. * • 

Therefore, an amount of hydrogen injection often becomes too excessive to the potential point of the 
stress corrosion cracking in the plant. Therefore, it cannot be said an optimal control of hydrogen injection 

(2) Under the environmental restriction on the basis of the proposal described in the prior arts, for instance 
it however is possible to become an excess control operation in the case that the dissolved oxygen content 
becomes 60 ppb or that the corrosion potential becomes -230 mV or more, a large quantity of hydrogen 
will have to be injected. 

The plants including the presently available ones are operated at their dissolved oxygen content in 
the range of 180 - 300 ppb and at the corrosion potentials from 0 to + 10 0 mV (refer to Japanese Pat 
Laid Open Pub. No. 1-127999) and there plants have been used for approximately 20 years. 

An excess control operation can be easily done because these regulated conditions are incomplete 
in the case that hydrogen is injected when a dissolved oxygen content and the corrosion potential exceed 
each standard value. 

(3) It is necessary to attempt the optimization of the control of a hydrogen injection content to the restriction 
of radioactive nitrogen oxides toward the side of the turbine using some technologies. 
A main object of the present invention is to provide a system for predicting a transition probability distrib- 
ution of the degradation phenomena in component part from the correlation between parameters for deter- 
mining the distribution of transition probability of degradation, and for planning, preparing and applying a main- 
tenance technology thereof. In the addition of a farther improvement to the previous proposal. Afarther object 
of this invention is to provide a method of operation control for plants and their control device for the above 
system. 

For attaining the objects described above, the present invention comprises the following steps: 

(1) knowing the degree of each influencing factor on the degradation, such as an environmental assisted 
degradation on the positions of the component parts in a specific plant or plant under design or construc- 
tion, and/or 

(2) obtaining the information for the analysis of the transition probability distribution of the degradation 
phenomena and the information on the degree of each influencing factor for the preventive maintenance 
of degradation of the parts in a specific plant or plant under design or construction, at least from field in- 
cident information, inspection information, preventive maintenance information and monitoring informa- 
tion; 

(3) computing a correlation between the parameters for determining the transition probability distribution 
of the degradation phenomena from laboratory data and actual plant data; 

(4) making the degrees of other influencing factors constant by aiming at an arbitrary influencing factor 
among the influencing factors of the degradation phenomena described above; 

(5) giving the dimension of the aimed influencing factor as a variable and selecting one of a plurality of 
parameters for determining the transition probability distribution described above; 

(6) expressing this selected parameter as a first function; 

(7) determining the reference degree of each influencing factor; 

(8) giving the transition probability distribution of the degradation phenomena as a reference system when 
the variable of each influencing factor is the reference value described above; 

(9) knowing a value of the selected parameter described above for determining the transition probability 
distribution in the reference system; 

(10) computing the ratio between the first function described above and the value of the selected para- 
meter described above and giving the ratio as a function of the subdivided index of degradation of the 
aimed influencing factor; 
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(11) multiplying the product of the subdivided index of degradation of each influencing factor described 
above with a unit conversion or coefficient for reliability, and giving the resulting product as an index of 
degradation which indicates the possibility for the possible phenomena described above; 

(12) using the correlation between the index of degradation and the selected parameter described above 
for determining the transition probability distribution of the degradation phenomena with reference to many 
systems of degradation phenomena; 

(13) determining the value of the selected parameter described above for determining the transition prob- 
ability distribution of the degradation phenomena from the value of a variable for the degree of each in- 
fluencing factor on the degradation phenomena in an evaluation system; 

(14) further using the correlation between a plurality of parameters for determining the transition prob- 
ability distribution of the degradation phenomena described above in the above description of (3); 

(15) determining the value of the other parameter of the transition probability distribution of the degrada- 
tion phenomena, from the selected parameter described above for determining the transition probability 
distribution of the degradation phenomena in the evaluation system; 

(16) estimating the transition probability distribution of the degradation phenomena in the evaluation sys- 
tem; 

(17) predicting by a computation equation the possibility of the degradation phenomena at the positions 
of the component parts to become an evaluation system and determining the number of the year by the 
necessity or unnecessity of any preparation; 

(18) providing a technology of the preventive maintenance of the positions of the component parts char- 
acterized by planning, preparing and applying the technology of preventive maintenance; and 

(19) an evaluation system of degradation comprising a memory, computation and display for planning, pre- 
paring and applying the technology of preventive maintenance. 

Specifically, the present invention comprises the following steps: 

subdividing the present application technology for each position of a plant component into each influ- 
encing factor on the degradation; 

inputting the values, in both of the present application technology described above and the reference 
technology, into each influencing factor thus subdivided; 

obtaining the subdivided index of degradation with respect to each influencing factor of the present ap- 
plication technology on the basis of the input values of the reference technology; 

computing each life index value of degradation by the product of the subdivided indices with each other 
with respect to each position of the plant component; 

comparing the life index value of degradation of each position in the plant component with a predeter- 
mined value and extracting and outputting each position of the plant component indicating a smaller life index 
value of degradation than the predetermined value; 

obtaining the subdivided index using each influencing factor of the technology described above by the 
input of each technology subdivided into each influencing factor with respect to each extracted position of the 
plant component and also the life index value of degradation of each position in the plant component by the 
product of the subdivided We indices of degradation with each other described above, comparing the life index 
value of degradation of each position in the plant component with a predetermined value and selecting a tech- 
nology of improvement which adopts the life index value of degradation larger than the predetermined value; 
and 

obtaining and outputting an optimal technology while considering cost and others to the technology of 
improvement thus selected. 

Furthermore, the present invention is characterized by the following means: 

a method of analysis of the technology for subdividing a present application technology into each influ- 
encing factor with respect to each position in a plant component; 

an input means for inputting the values of the present application technology described above and a 
reference technology with respect to each influencing factor thus subdivided; 

an arithmetic means of the life index of degradation for obtaining a subdivided index with respect to each 
influencing factor on the basis of the values by the reference technology, and also an arithmetic means of the 
life index of degradation for obtaining a life index value of degradation by the product of the subdivided indices 
with respect to each position of a plant component with each other; 

a discrimination means of the present technology for extracting a position of the plant component show- 
ing a smaller life index value than a predetermined value by comparing the life index value of degradation of 
each position in the plant component from the arithmetic means of life index of degradation with the predeter- 
mined value; 

a discrimination means of the technology of improvement for inputting each technology subdivided into 
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to each influencing factor on the phenomena of the material of a component and obtaining a first function be- 
tween the dimension of the aimed influencing factor and the degree of the phenomena; 

obtaining a second function of the degree of the phenomena when each influencing factor takes the 
reference value described above by determining the reference degree of each influencing factor; 

5 giving a function of the subdivided index of the aimed influencing factor by computing the ratio between 

the first and second functions described above; 

computing the possibility for the generation of the phenomena described above by multiplying the prod- 
uct of the function of the subdivided index of each influencing factor with a correction coefficient and obtaining 
no degradation zone from the correlation between this index and an environmental assisted cracking life of 

10 the material shown by Equation (1), namely: h (t, r), whereas F indicates an index, 

t is time, r a confidence level and h indicates a function, respectively; - — 

expressing the variable Xj of the dimension of the influencing factor aS~£rftjnction of time, in the case 
of considering at least one or more influencing factors in such a relation as to express the process condition 
of the index of the position itself of the plant component, namely: 

15 Xj(t); 

giving the subdivided index Fj of the influencing factor as a function of its variable Xj(t), namely: 
Fj[Xj(t)];and 

representing an overall index by Equation (2), namely: 

20 

F=KFzi X FjtXj(t)) xei Fi < 2 > 

25 

and computing its index by giving an intrinsic index of the position of the component which bases on a static 
data characteristic of the control object described above and by defining the subdivided index characteristic 
of the component as a Fzi. 

An environmental control operation is carried out so that each factor in the matrix of this index satisfies 
30 Equation (1) described above. 

To know the information on the degree of each influencing factor on each position of the component parts 
for the preventive maintenance of degradation of the component parts in a specific operating plant or plant 
under design or construction in the above descriptions (1) and (2); or 

to obtain the information for the analysis of the transition probability distribution of the degradation phe- 
35 nomena and the information on the degree of each influencing factor, at least, from field incident information, 
inspection information, preventive maintenance information and monitoring information, for the preventive 
maintenance of degradation of the component parts in a specific operating plant or plant under design or con- 
struction; 

means to confirm a technology of prediction even for the data of an actual plant without predicting the 
40 transition probability phenomena of the degradation phenomena of the actual plant simply through experimen- 
tal data, evaluate whether or not the life phenomena in degradation of the actual plant is in the same category 
with those obtained by an acceleration experiment in laboratory and to improve the precision in prediction. 

The analysis of the degradation phenomena means that the transition probability distribution is analyzed 
by a model of transition probability. For example, as shown in Fig. 1, the life phenomena of SCC in high tem- 
45 perature water can often be analyzed by the following equation. 

- dN / dt = k N (3) 
ln(N 0 /N) = k(t - to) (4) 
<t> = to + (l/k) (5) 
whereas, In (N 0 / N): corresponds to a hazard function H ( t ) 
50 N: number of samples for no SCC at a time t 

N 0 : number of initial samples 
t time 

In this case, the parameters for determining the transition probability distribution will be in the following three 
terms, namely: 
55 < t >: mean time to SCC failure 

to : start time to SCC 
k : SCC reaction rate 

Figs. 2 and 3 are views showing the results obtained by clarifying the weld of stainless steel SUS 304 sen- 
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sitized in high temperature water, the weldments of a nickel base alloys 600 182 and the behavior of SCC life 
and examining the correlation between the parameters of the transition probability distributions in many life 
systems. 

This correlation can be used in the caseof knowing other parameter in order to getthe transition probability 
taaiSo^wZ"^ - ^^ Probability distribution has been known. The index of degradation 

As shown in Fig. 4, a life system in a reference life system is introduced and a ratio f of time between 
th.s and a l.fe time t ,n an evaluation system is taken so as to express the skes of the barometer in the transition 
pmbab.hty d,s nbut,on of the degradation phenomena using the sizes of the ratio f of time, for exampte the 
length of the l.fe ,n the case of SCC. Therefore, this ratio f of time is defined as an index of degradation 

Fig 4 illustrates why an index of degradation can be expressed as a product of the subdivided indices of 
degradation of each influencing factor with each other. ' 

„f J°h e *r P,e ' V-l 0386 ° f tryi " 9 l ° kn ° W thC Mfe ratio of an evaluation point vis a reference point, first 

n n^L tk K. Ure : e " th8 StreSS rati ° i6 1 - 75 ' a carbon content is reduced *«" 0.06% down to 

0.04%. The resulting subdivided index of degradation for this carbon content is expressed as follows: 

F « = / t. (6) 

When the carbon content is 0.04%. the resulting stress ratio is reduced to 1 .20. At that time, the subdivided 
20 index of degradation is expressed as follows: auuu.vioea 
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Therefore, the life ratio of each evaluation point vis the corresponding reference point is expressed as a 
product of the subdivided indices of degradation of both influencing factors, namely: expressed as « 

f = F, ■ F s (8) 
.•. F = 0 f = © F, • F 6 (9) 
whereas © is a unit conversion or coefficient for reliability. 
» • h- ' f 9e ^ ra,ize J 1 and described, an index of degradation can be expressed as a product of the subdivided 
30 indices of degradation of each influencing factor with each other. suuu.vioeo 

F = 0-U/tn. O U. ,/t„. 2 ) 

„ K ._ (fa/U-ifc/tiMVtR) do) 

If each influencing factor is independent from each other, this equation is expressed as follows- 

F s © (tn/t R ) (t B . ,/fe) 

35 , „, <fe'fe)-(fc/t,)-(t l /fa) (11) 

expressed^oMo^r" * °' ** ,UenC ' n9 faCt0rS iS not "dependent ' «m each other, the equation is 

followsr^ 0 ' 6 " Whe " ^ ° f ( ** ' K 1 } iS P ' aCed l ° b6 eqUa ' 10 F " the index of de 9radation is expressed as 
40 F = © II F, (12) 

Fig. 5 is a view showing the case of aiming at two influencing factors within the index of degradation and 
nth!." IT ,0na , I J' 31 " 19 ^ subdivided ind e* * degradation in the case that each index with respect 
to he variables ofthese factors is separable from each other. Since the vertical axis represented by a product 

« 2£T JT . ^' ,C6S S eXPreSSed in 8 lo 9 arithmic sca,e - me h e«ht of each evaluation point vs tha 

45 of each reference pent 0 can be drawn in the form of the logarithmic sum of each subdivided index of degra- 
dation and an arbitrary evaluation point is expressed on a curved surface 

vidadLL 8 ^!^ ^ Pr ° dU *K bet r e " tW ° indiCeS Ca " be re P res ented by a logarithmic sum of each subdi- 
v.ded index of degradation wrth each other. This can be understood from the ratio f of time between the times 
from a reference point R to another point M and from the point M to an evaluation point E 
so Now, the above description will be summarized in the following. 

(a) To make the degree of the other influencing factor constant by aiming at an arbitrary influencing factor 
with regard to each influencing factor of the degradation phenomena described above- 

(b) > to give the degree of the aimed influencing factor as a variable and select one of the parameters for 
determining the transition probability distribution described above; 

ss (c) to express the selected parameter as a first function; 

(d) to determine the reference degree of each influencing factor determined 

(e) to give the transition probability distribution of the degradation phenomena as a reference system when 
the vanable of each influencing factor is the reference value described above; 
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(f) to know the value of the selected parameter described above for determining the transition probability 
distribution in the reference system; 

(g) to compute the ratio between the firstf unction described above and the value of the selected parameter 
described above and give the ratio as a function of the subdivided index of degradation of the aimed in- 
fluencing factor; and 

(h) to multiply the product of the subdivided index of degradation of each influencing factor described above 
with each other by a unit conversion or coefficient for reliability and give the resulting produbt as an index 
of degradation which indicates the possibility for the generation of the phenomena described above. The 
index of degradation expresses the improvement factor of life at the position to a reference life system, 
which gives each influencing factor on the environmental assisted cracking, as a parameter of the transition 
probability of degradation. 

For constituting the correlation between the index of degradation and the parameter of the transition prob- 
ability distribution of degradation in many systems of the degradation phenomena, it is arranged so as to de- 
termine the value of © for considering a predicted reliability on the basis of the predicted data in many systems, 
and enable to determine one of the parameters of the transition probability of the degradation phenomena from 
the index of degradation, only by giving the degree of the influencing factor in an evaluation system. 

In other words, it is arranged so as to determine the values of the selected parameters for determining the 
transition probability distribution of the degradation phenomena from the values of the degree variables of the 
influencing factor on the degradation phenomena in an evaluation system. 

It is arranged so as to determine the values of other parameters of the transition probability distribution 
of the degradation phenomena from the values of the selected parameters described above for determining 
the transition probability distribution of the degradation phenomena in'an evaluation system, using the corre- 
lation described above between the parameters for determining the transition probability distribution of the 
degradation phenomena in the effects of the present invention described above. 

It is arranged so as to estimate the transition probability distribution and the hazard function of the deg- 
radation phenomena in an evaluation system. 

It is arranged so as to obtain.the transition probability distribution and the hazard function described above 
for the degradation phenomena at the position of the component part to become an evaluation system, and 
then, know the degree of the possiblity of degradation in the component part based on this knowledge, resulting 
in determining the necessity or unnecessity of any preparation and the number of the year until that time. 

Considering both the index of degradation as an index of technology relating to the application of the pre- 
ventive maintenance and the transition probability distribution of the expenses for a technology of mainte- 
nance, it is possible to introduce an index of expense for the optimization of preventive maintenance. 

-Some computers are used as an evaluation system of degradation consisting of memory, computation and 
display for this for making it possible to automatically compute. They are further effective as an evaluation sys- 
tem when connected to a monitoring system for an actual plant, if necessary. The operation control for plants 
is thereby carried out, and as a result, the control for the prevention of the environmental assisted cracking of 
materials is more optimized. 

Fig. 1 is an explanatory view showing an analysis of the life to degradation in the case of SCC; 

Fig. 2 is a view showing a correlation between the parameters of the transition probability distribution of 

degradation in the case of SCC; 

Fig. 3 is a view showing a correlation between the parameters of the transition probability distribution of 

degradation of the transition probability distribution of degradation; 

Fig. 4 is an explanatory view showing a concept of an index of degradation; 

Fig. 5 is an explanatory view showing a product of the subdivided indices of degradation in which the va- 
riables of influencing factor are independent from each other; 

Fig. 6 is an explanatory view showing a product of the subdivided indices of degradation in which the va- 
riables of influencing factor are not independent from each other; 

Fig. 7 is a flowchart showing a prediction of the transition probability distribution of degradation phenom- 
ena and an evaluation of the technology of preventive maintenance; 

Fig. 8 is a flowchart showing a prediction of the transition probability distribution of degradation phenom-. 
ena and an evaluation of the technology of preventive maintenance; 

Fig. 9 is a flowchart showing a computation and evaluation for the prediction of the transition probability 
distribution of degradation phenomena and the evaluation of the technology of preventive maintenance; 
Fig. 10 is a flowchart showing a computation and evaluation for the prediction of the transition probability 
distribution of degradation phenomena and the evaluation of the technology of preventive maintenance; 
Fig. 11 is a flowchart showing a computation and evaluation for the prediction of the transition probability 
distribution of degradation phenomena and the evaluation of the technology of preventive maintenance; 
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Fig. 12 is a flowchart showing a computation and evaluation for the prediction of the transition probability 
distribution of degradation phenomena and the evaluation of the technology of preventive maintenance- 
Fig. 13 is a view showing a correlation between an index of degradation and a parameter of the transition 
probability distribution; 

Fis. 14 is a view showing an index of cost on the basis of the predicted transition probability distribution 
and the transition probability distribution of cost as a preferred embodiment of the present invention- 
Fig. 15 is an explanatory view showing a computation method for required improvement factor of the tech- 
nology of preventive maintenance to degradation; 

Fig. 1 6 is an explanatory view showing a computation method for required improvement factor of the tech- 
nology of preventive maintenance to degradation; 

Fig. 17 is an explanatory view showing a computation method for required improvement factor of the tech- 
nology of preventive maintenance to degradation; — -i - •- . 

Fig. 18 is a block diagram showing a system constitution of the technology of preventive maintenance to 
degradation; 

Fig. 1 9 is a system diagram showing a system of reliability improvement for a plant component according 
to a preferred embodiment of the present invention; 

Fig. 20 is a table showing each influencing factor to the positions of each plant component and each value 
of F as a life index of degradation; 

Fig 21 is a table showing each influencing factor to the positions of each plant component and each value 
of F as a life index of degradation; 

Fig. 22 is a table showing an evaluation of degradation potential and an inspection evaluation for the pos- 
itions of each plant component; 

Fig. 23 is table showing a technology of preventive maintenance and an evaluation for the necessity of 
preparation of remedy; y 

Fig. 24 is an explanatory flowchart showing a method of operation control for a plant according to a pre- 
ferred embodiment of the present invention; 

Fig. 25 is a block diagram showing a plant operation control device in a nuclear power facility accordinq 
to a preferred embodiment of the present invention; 

Fig. 26 is a characteristic diagram showing a relation between F - index and start time to SCC- 
Fig. 27 is a view showing a time variation of the influencing factor and a condition of hydrogen' injection- 
Fig. 28 is a view showing a time variation of F - index; and 

Fig. 29 is a characteristic diagram showing a relation between F - index and start time to SCC. 
(Explanation of Reference Characters) 

1: software for the preventive maintenance of degradation, 

2: data of laboratory and actual plant, 

3: monitoring device of actual plant, 

4: input unit, 

5: arithmetic zone, 

6: display zone, 

7: memory zone, 

8: data transmission zone, 

9: output zone, 

10: instruction for the design, preparation and inspection of the technology of preventive maintenance 
1 : data base 

2': means for technology and analysis 

3': input means 

A 1 : computation means 

5': discrimination means 

6': output means 

7': discrimination means for a technology of improvement 
8*: evaluation means for an optimal technology 
9': operation of preparation 
10': follow-up data 

11': discrimination means based on the correlation of degradation of plant components 
1": reactor pressure vessel 
10": recirculation system 
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12", 18, 19: sensor group 
13": reactor cleaning system 
14": hydrogen gas, NOx source 
15": gas injection control system 
s 16": main body of control system 

17": information converter 
20": dosemeter 
21": input unit 

'10 Example 1 

The details of each process will specifically be explained along with the drawings in the following. Figs. 7 . 
through 12 shows what is illustrated with reference to the computing process and they are a prediction of the 
transition probability distribution of degradation phenomena and a flowchart of the process for carrying out 

is an evaluation of preventive maintenance based on the prediction thereof. Fig. 9 is a flowchart in the case that 
all parts of a plant component have no degradation and there is no experience in operation. Fig. 10 is a flow- 
chart in the case that all parts of a plant component have no degradation and there is experience in operation. 
Fig. 11 is a flowchart in the case that there are determinable data in the analysis of the transition probability 
distribution of the time to degradation. Fig. 12 is a flowchart in the case that the number of the data for the 

20 transition probability distribution is a little. 

To know the information on the degree of each influencing factor on the positions of the component parts 
for the preventive maintenance of degradation of the component parts in a specific plant or plant under design 
or construction; or 

to obtain the information for the analysis of the transition probability distribution of the degradation phe- 
•25 nomena and the information on the degree of the influencing factors, at least, from field incident information, 
inspection information, preventive maintenance information and monitoring information, for the preventive 
maintenance of degradation of the component parts in a specific plant or plant under design or construction; 

means to confirm a technology of prediction even for the data of an actual plant without predicting the 
transition probability phenomena of the degradation phenomena of the actual plant simply through experimen- 
30 tal data, to evaluate whether or not the life phenomena in degradation of the actual plant is in the same category 
with those obtained by an acceleration experiment in laboratory and to improve the precision in prediction. 

In the degradation phenomena, there are stress corrosion cracking, crack propagation, pitting, fatigue, cor- 
rosion fatigue, general corrosion, errosion, weld cracking and the overlapped phenomena on the other or the 
combination of two or more phenomenon. 
35 In the influencing factors described above, there are chemical composition, mechanical strength and hard- 

ness as well as an amount of computing these states, such as a quantitative value of microstructural charac- 
teristics, chromium depletion zone or electrochemical measurement. In the stress influencing factors, there 
are residual stress, thermal stress, stress concentration, strain, operating stress, relaxation and others. In the 
environmental influencing factors, there are oxygen, hydrogen peroxide, hydrogen, nitrogen, conductivity, pH, 
40 crevice, chemical species, radiation and others. 

In the degradation phenomena, for example, the life phenomena of SCC in high temperature water can 
be analyzed by a transition probability model as shown in Fig. 1. The parameters in the transition probability 
distribution will be in the following three terms, namely: 
< t >: mean time to SCC failure 
45 to : start time to SCC 

k : SCC reaction rate 

As shown in Figs. 2 and 3, the weld of stainless steel SUS 304 sensitized in high temperature water, the 
weldments of an nickel base alloys 600 182 and the behavior of SCC life are clarified with the finding that 
there is a correlation between the transition probability distributions or the life parameters in many life systems. 
so As shown in Fig. 7 or 12, once the parameter in one transition probability distribution is known by way of 

this correlation, the parameter in other transition probability distribution can be known. 

The constitution of the degradation phenomena as shown in Fig. 7 or 12 can be carried out in such a man- 
ner as described above. As a sort of influencing factor on the generation life of SCC, the following eight influ- 
encing factors, namely: X, to Xe are considered as variables. 
55 X t : variable of carbon content 

X 2 : stabilization parameter 

X 3 : low temperature aging 

X*: variable of stress relief annealing 
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X 5 : variable of effective stress ratio 
Xe: variable of effective oxygen content 
X 7 : variable of crevice 
Xe: variable of conductivity 

Th "= r ^°% he inmjendn9 feC,0re ° f ,he reference ***** was settied as foNows: 
X 2 = - 1 
X 3 = - 1 

X4=-1 

io X 6 = 1.75 

Xe = 8000 ppb 
X 7 = -1 

Xe = 0.5p S / cm 

« -ow^eT^ 

be defined as follows: 6 the subd,v ' ded '»*«« of degradation, the following function will 

w.^K-r N = 0.13 [[Nb] + 2[Ti]]/[C] 

N : stabilization parameter 

^ N CRIA = C p for Post Weld Heat Treatment (PWHT) condition 

Ncrib = c » for as welded (AW) condition 



When x,S NcillA/ then, X, « 1 . 
Wfcen x, < N CJII ,, tnen. X, = - i 

X« = stress ratio to yield stress 

30 X. =[0 2 ] + [H 2 0 2 ]/ n 
h(X) = (1+X)/2 
S(X)=(1-X)/2 
_ X = + 1 or - 1 only, and 

M shows the kind of material 

m /! I ' °« L 04 ' 304U 316L and 316 ^'"'ess steei ' 

WhVn thrJ ' ? 7* 82 NiCke ' b3Se a,,C * s and their rel ^ing material 
When there is a stainless steel, M = + 1 y 

40 When there is a nickel base alloys, M = - 1 

When C is C c or more, L = + 1 

When C is less than C c , L = - 1 

When there is no low temperature aging, = + 1 
^ When there is a low temperature aging, X 3 = - 1 
When there is no stress relief annealing, X4 = + 1 
When there is stress relief annealing, X4 = - 1 
When there is no crevice, x 7 = + 1 
When there is crevice, X 7 = - 1 



60 



A subdivided index of degradation of carbon content in a stainiess stee. wl., be expressed as fdlows: 



A > = 



55 



x P [ ( lnlOKi B i ( X , - X )»}] 
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F, > h (H) [ h (N). a , * g (N).A, ] + g (M) • • 0 , 
if F, ^ y : , F 4 » y , 

A subdivided index F 2 of degradation as a stabilization parameter which takes the stabilization parameter 
in nickel base alloys 600 weldments and nickel base alloys 182 and 82 weld metals as a variable is expressed 
as follows: 

A, s h (X, ) • at ♦ g (X t } . 0 t 
B t ^ h (X a ) . r j ♦ g (X, ) . s , 
Fj = h (M) • e , * g (M) • [ h(X 4 )-A, + g, (X 4 )• B t ] 

On the basis of the experimental data, a subdivided index F 3 of degradation of SUS 304 stainless steel 
and nickel base alloys by low temperature aging was constituted in the following. In the case that the carbon 
content reaches its limit or less and that its stabilization parameter reaches its limit or more, the value of 

F* was set to 1 since there is no lowering of SCC life by low temperature aging. 



A. 


3 


h 


(X, ) • 


a $ 




3 


(X. ) • 


0 » 


B t 




h 


(X;) • 


r » 
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(X, ) . 


S 4 


c, 
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(X.) • 


c • 
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3 


(X. ) • 


6 , 


D, 
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(X, ) • 


B. 
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(X, ) • 


c. 


F. 
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(M) • 


A, 




3 


(M) ■• 


o, 



On the basis of the experimental data, a subdivided index F 4 of degradation of SUS 304 stainless steel 
and nickel base alloys by PWHT was constituted in the following. 

F 4 = h(M)[h<X4)-a 4 ♦ 9(X4) P 4 ] + 9(M) y 4 

The influence of the effective stress ratio on SCC life was approximated by tan h function and the subdi- 
vided index of the stress was constituted as follows: 
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n 0 



15 



20 



25 



30 



35 



40 



45 



Hi a i a = " 0t | Ri m x 

R» = 0.5 (R,..,o + Ri . i . ) 

5 

S» =0.5 (R l-4i0 - R lmi , ) 
L* , = (R, - x. ) / S, 
io L» , , s (R, - *,„ ) / s, 

A. . r . CR,.., 6 - Ri » i » ) / (R,„.»o - R,. io0 ) 
P kS = exp [ A. . {arctanh(L R l ) - aretanh( L, , » ) ) ] 

Rt » I a » • 0 t . Rf > , . o 

R« = 0.5 (R,.»,o + R.. ia ) 
S, = 0.5 (R.,,.,0 - R, aill ) 
U * = (R« - X, ) / S a 
Lb a * = (R, - x, , ) / S, 

Bs = 5 i CR....0 -*.„».) / (R,.. 10 - R,.,,.) 
F, , = exp f B. . {arctanhfL,, ) - arctanh (L. 1B )}] 
P. = h (M) • F 4g + g (M) • p, . 
If F « > e • . then F, = c , 

,r» JH e *" MMded index ^gradation of the effective oxygen content was constituted in the following A 
cnt,cal dif fusion current model of the effective oxygen content data is considered. mowing. A 

F. ■ [ h (M) + g (M) ] • ( x u / Xl ) 

= exp [ (In 10) ( 5 . arctan [(£.„ - « . )/ 0 # ] 
♦ log»» r .)] 



50 



On the basis of the experimental data thus obtained, a subdivided index F 7 of degradation of SUS 304 
sinless steel and n.cke. base al.oys by crevice was constituted in the following' in the case that the carbo^ 

was set Z*\ TSZJT ° r ,eS , S, that th€ slabi "' 2alion P-^er reaches its limit or more, the vatue o£" 
was set to 1 since there is no lowering of SCC life by crevice. 

A 7 = h (x 7 ) . a 7 + g (x 7 ) • p 7 
B 7 = h (M) • y 7 + g (x 7 ) • 6 7 
F 7 = h(M)-A 7 + g(M).B7 
Eecpr = ae + p 6 tanh[(log 10 x 6R - log 10 y6)/68] 
On the basis of the experimental data thus obtained, a subdivided index F 8 of degradation of SUS 304 
55 stainless steel and inconel by conductivity was constituted in the following 
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A . = 21 E , • ( E km) 1 
1=0 



F a = [2i (M) + g (M)J • exp [fin 10).{(x,„ - x, )/A. )] 

The test results of each SCC life of the weldments of 304 stainless steel and 600 and 182 nickel base . 
alloys in laboratory were analyzed and a subdivided index F of degradation determined from the start time of 
SCC and the experimental condition was examined. 



15 F = 0 x F! x F 2 x F 3 x F 4 x F 5 x F 6 x F 7 x F 8 

whereas the symbols in the above equation are as follows: 

A, : value of the index of degradation under computation 

B-, : value of the index of degradation under computation 

b : coefficient of the correlation between the parameters in transition probability distribution of SCC 

20 b, : mean value of the coefficient of the correlation between the parameters in transition probability 

i distribution of SCC 

b c : mean value of the coefficient of the correlation between the parameters in transition probability 

distribution of SCC 

[ C ] : carbon content (wt.%) 

25 c : coefficient of the correlation between the parameters in transition probability distribution of SCC 

c 0 : mean value of the coefficient of the correlation between the parameters in transition probability 

distribution of SCC 

E : symbol of an evaluation system 

E EC p : corrosion potential 

30 F : index of degradation 

Fj : subdivided index of degradation of the influencing factor at the j-th time 

Faj : value of the index of degradation under computation 

f : ratio of a time t to SCC failure in an evaluation system vis a time t« to SCC failure in a reference 
system 

35 g (x) : a function 

h (x) : a function 

[H 2 OJ : hydrogen peroxide conent (ppb) 

i : the i-th influencing factor of SCC life 

k : the k-th influencing factor of SCC life 

40 k : transition probability of SCC life or SCC reaction ratio 

L ra : value of the index of degradation in a reference system under computation 

Lrjr • computed Lri of the index of degradation in a reference system 

M : subparameter of the kind of material 

N : parameter of the kind of material 

45 N : stabilization parameter 

N : number of samples of no SCC at an arbitrary time 

N 0 : initial number of samples 

[Nb] : niobium content (wt.%) of nickel base alloys 

n : number of influencing factors 

50 n : constant in the equation of effective oxygen content 

[0 2 ) : oxygen content (ppb) 

R : symbol of a reference system 

Rimaxo : maximum strength of a material at an evaluation time of SCC 

Rimin : maximum strength of a material at an evaluation time of SCC 

55 Rimino : y ie,d stress of a material 

[Ti] : titanium content (wt%) 

< t > : average life time (h) 

^ : start time to SCC (h or year) 
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* : SCC ,ife corresponded to the i-th influencing factor 

* : scc life of an evaluation system (h) 

*R : scc l j fe of a reference system (h) 

x i : variable of the nth influencing factor 

s x m : variable of the i-th influencing factor in a reference system 

a : constant 

a , : coefficient of the subdivided index of degradation 

p , : coefficient of the subdivided index of degradation 

y , : confidence level of the subdivided index of degradation 

10 6 ' : coefficient of the subdivided index of degradation 

e , : coefficient of the subdivided index of degradation 

6 : coefficient of the index of degradation 

9 : coefficient of the subdivided index of degradation 

a y : yield stress (MPa) 

,5 T : SC C life of an evaluation system 

T R : SCC life of a reference system 

■ 'H 1 3 ' II! 6 w ertiCal aXiS fe re P resen,ed by SCC start time which time is defined as shown in Fio 1 It 
.s evdent from the data in a total life system, however, that the occurrence of SCC is hand on th >2e o f shorte 
time and there are possibilities for the occurrence of SCC on the side of longer time 

NmJL"«S? fr ° m Fi9 ' 13 ,h3t th6re h a «>^ la «on between the index of a degradation and the start 
■me to SCC wh.ch ,s a parameter in the transition probability distribution of the OwSSmT^^I!^ 

; s n Z~ F ST my distribution of the de9radation ^~ «™ **tt2*nZZZ 

In many systems of the degradation phenomena, to constitute a correlation which shows the relation of 

,h?,7anS h th M!: de ; ° f de9radati ° n fe S ° aS to make * possible * determine one oTSe parame Ts in 
a™ ?„ S P T i V d, !! r,bution of the degradation phenomena from the index of degradation ort bTT 
terming the value of a pred.cted reliability and grving the dimension of the influencing factor i„ an eva^tton 

In other words, it is available for determining the value of the selected parameter described above whirh 

« ? Pr ° babi,ity dist " buti °"<*-** gradation phenomena fro^ Z SSaMe £ 

gree of the mfluencmg factor on the degradation phenomena in an evaluation system 

ah o / kTw". 9S : 7 3nd 12 ' " iS a,S ° avai,able for determining the value of the selected parameter described 
above. wh,ch determ.nes the transition probability distribution of the degradation phenomena raTevaluaS 
sys em us-ng the correlation described above between the parameters which determines the transftlotoS 
40 aS ° n ^ de9radatk>n Phen ° mena ° f ,he explanati °" in the « £ i-enZ desert 

It is also available for estimating the transition probability distribution and hazard function of the deora 
dation phenomena in an evaluation system >unciion or tne degra- 

For the degradation phenomena at the positions of the plant component parts in the evaluation svstem 
the trans.t.on probab.hty distribution and the hazard function obtained in the above tes^^Mo^S 

In Fig. 13. in the case of considering the life time as 50 years and when the index of deoradation »t th- 

a echno ogy of preventive maintenance. Fig. 14 illustrates this relation using a tranaltZ^Sv^rib! 
ution by takmg a reliability a employing a function of reliability into consideration P robabilrt y <"stnb- 

equa^T imPr ° Vement f3Ctor M for an art "'-y P-entive technology is represented by the following 
log ( M ) = log (target time for preventive maintenance) - log ( F ) + loo ( « \ 
As shown ,n Figs. 15 and 17. an index of cost to be a cost evaluation of preventive Maintenance is intro- . 
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duced to this case in addition to the index of degradation as a technical direction relating to the application of 
any given preventive maintenance, and the total direction can be also introduced by making both of them to- 
gether. With respect to the procedure in Figs. 15 and 17, first of all, the portion (a) in Fig. 16 is obtained from 
the product of the cost transition probability and the reversed function of hazard function of the index of deg- 
5 radation, and then calculated to give the portion (b) in Fig. 16. Finally, a correlation is obtained between the 
index of cost and the total cost S c which are shown in Fig. 17. The details are as follows. 

The transition distribution of cost required for preparation and application is put in order every each tech- 
nology of preventive maintenance for plant component. On the other hand, in the case of combining the hazard 
function obtained from the transition distribution thus put in order with the index of cost as shown in Fig. 16, 
*io another function is prepared by multiplying a hazard function H(t) with a value of - 1 and then allowed to give 
its product with a function of the transition distribution of cost when the index of cost is required. 

In an integration area S c by time variable in terms of the transition distribution represented by the total . 
costs and an integration part by time variable of the product of the function of the transition distribution of cost 
with a hazard function H (t), a positive area is defined as S 1 and a negative area is defined as S 2 . Then, an 
15 index C of cost is defined by the following equation to make it possible to select a correct preventive mainte- 
» nance from the correlation between the total costs S c and the index of cost as shown in Fig. 17, namely: 

C s lOOxS^tS, ♦ $}) 
Considering an information on the transition distribution of technological degradation and an index of cost 
from the transition distribution of cost both together in this manner, it will be easy to determine the necessity 
20 orunnecessity of any preparation and the number of the year until the preparation. If a technology of preventive 
maintenance is planned and prepared from these things, an applicable technology of preventive maintenance 
for the positions of plant component parts can be arranged. 

As shown in Fig. 18. it is a main point to have a technology of preventive maintenance according to the 
present invention, an input system for the data of both laboratory and actual plant, and a continuity with an 
25 actual plant monitoring device and therefore, the subsequent input and output unit, memory, operation, display 
and evaluation system of degradation are all automatized by computers. 

In Fig. 18. 1 indicates a program software for a technology of preventive maintenance, 2 indicates data of 
laboratory and actual plant, 3 indicates an actual plant monitoring device, 4 indicates an input unit for inputting 
data of laboratory and actual plant described above and through the actual plant monitoring device 3, 5 indi- 
30 cates an arithmetic zone for various computations, 6 indicates a display zone composed by a CRT display, 
e.g., 7 indicates a memory zone composed by RAM, 8 indicates a data transmission zone, 9 indicates an output 
zone composed by a printer, e.g. , and 10 indicates an instruction for the design, preparation and inspection 
for a technology of preventive maintenance printed out by the output zone 9, respectively. 

35 Example 2 

The detailed description of the preferred embodiment of the present invention will be given along with the 
drawings in the following. 

Fig. 19 is a system diagram showing a. system for improvement of reliability on plant components as a 
40 preferred embodiment of the present invention. In the drawing, 1 indicates a data base relating to plant com- 
ponents, and in which a variety of data, such as design of plant components, data of production, data of field 
incident, data of inspection, data of operation, data of failure characteristics, data of each technological means 
and others are all stored. Then, 2 indicates a means for technology and analysis, 3 indicates an input means 
such as a key board, 4 indicates a computation means for the life of degradation, 5 indicates a discrimination 
45 means of the present technology, 6 indicates an output means such as a printer, 7 indicates a discrimination 
means of improvement of technology, 8 indicates an evaluation means of optimal technology, 9 indicates a 
technology for operation of preparation, 10 indicates a follow-up data, and 11 indicates a discrimination means 
for correlation of degradation of plant components, respectively. 

The mechanism of this system for improvement of reliability on plant components will be explained in the 
so following. 

(1) The present application technology for each position of plant components is subdivided into each in- 
fluencing factor by a means 2 for technology and analysis described above. This means subdivides the mate- 
rial, production, structure and others of each position of a plant component to be evaluated. 

A product of the subdivided indices is obtained by Equation (1) described above to calculate a value of the 
55 life index of degradation. If a subdivided index Fj which bases on a reference value is set as a function of the 
influencing factor of a present application technology, the subdivided index Fj can be computed only by input- 
ting the value of the influencing factor of the present application technology. 

The life index of degradation obtained for each position of a plant component by an arithmetic means 4 in 
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Fig. 19 described above is shown in the right column of Fig.20 

(4) A discrimination means 5 of the present technology shown in Fig. 19 compares the life index value of deo 
radahon of each pos.tion of the plant component obtained by an arithmetic means 4 described STSSL 

As shown in Fig.1 9. the output condition by this output means 6 is outputted to the plant comoonent and 
is The preparation for preventive maintenance can also be carried out by referring to the outoutted inda* 

=== 

mia E n a s C 7 SrtTlS,!; ** ^ ° f teChn0 '° 9y 0f preventive maintenance by a discrimination 

dSInS ^iKrr;? sho r in Fig - m Thte method is appned whi,e «*5!Ss 

of whSn? ^tss fo ; a p pos i; ion d1 of a piant componem - the ,ife index zxszsssz 

in other words, an effective oxygen content X6 of all the influencing factor at the position d 1 of tha „.»„» 

HpnrH^ 6 ^ te, : hno,0 9y of Preventive maintenance is estimated while obtaining the life index F value of 
degrades by such a means, the resuit is given 
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tenance shown in Fig. 23. 

(8) A technology of preventive maintenance obtained by a discriminatfon means 7 of the technology of improve- 
ment described above has been obtained from a technological aspect, but the preparation for preventive main- 
tenance should be totally decided while including cost and others. 

5 A discrimination means 8 of optimal technology shown in Fig. 1 9 determines an optimal technology of pre- 

ventive maintenance taking cost and difficulty or easiness in a preparation technology thereof into consider- 
ation, corresponding to the technology of preventive maintenance obtained by a discrimination means 7 of the 
technology of improvement described above. That is, the technology of preventive maintenance is not always 
only one although shown in the evaluation column of preparation in Fig.23, and it is often possible to combine 

10 a plurality of technologies of preventive maintenance with each other. 

(9) As shown in Fig. 23, the results of the above evaluation for the technologies of preventive maintenance 
are outputted as a technology of preventive maintenance to each position of plant components. 

In the above description, the example of SCC degradation of plant components was mainly explained, but 
in fact, it should be farther evaluated while taking a degradation in strength such as a fatigue, creep and others, 
15 and a degradation factor such as irradiation damage of material by irradiation. 

In the case of considering a plurality of degradation factors, the life index F value of degradation is repre- 
sented by the following equation. 

m 

20 

F(x) a ir F i 
i-1 

25 whereas F 1 is the life index F value of degradation of a degradation factor i. 
Example 3 

The preferred embodiment of the present invention will be explained along the drawings. Fig. 24 is an ex- 
30 planatory flowchart showing a plant operation control method as a preferred embodiment of the present in- 
vention. Fig. 25 is a block diagram showing a plant operation control device as a preferred embodiment of the 
present invention. 

An overall constitution of a plant operation control device will be explained along Fig. 25. Steam is pro- 
duced at the reactor core of a nuclear reactor pressure vessel 1 , passed through a main steam pipe 2, and led 
35 into a high pressure turbine 3 and a low pressure turbine 4 to generate electricity. The vapor after the gener- 
ation of electricity is passed through a condenser pump - desalinator 8 through a condenser 5, and backed 
again to the nuclear reactor pressure vessel 1 through a water supply pump - water supply heating system 9. 
Incidentally, the exhaust gas degassed from the condenser 5 is vented through an exhaust gas treatment ap- 
paratus and a stack 7. 

40 Various sensor group 1 8 for detecting each information of the influencing factor on stress corrosion crack- 

ing is provided on the way of a recycling system 10. The similar sensor group 12 or 19 is provided to a reactor 
cleaning system 1 3 and a reactor core of the pressure vessel 1 in order to check doubly. Furthermore, a dose- 
meter 20 is installed to a turbine system. 

Each information of the influencing factor on stress corrosion cracking is inputted into the computer of the 

45 main body of a control system 16 through an information converter 17 from each sensor group 12, 18 or 19. 
The main body of the control system 16 is connected to an injection control system 15 for hydrogen gas and 
NO x . Incidentally, in the drawings, 11 indicates a reactor water cleaning system, 14 indicates hydrogen gas - 
NO x sources, and 21 indicates an input unit such as a key board for the input of various data. 
The injection control of hydrogen gas and NO x gas will be explained along Fig.26. 

so Various influencing factors onstress corrosion cracking life are broadly divided into environmental data, 

material and stress data, and. the intrinsic static data of control objects. 

As the environmental data described above, there are, for example, dissolved oxygen in reactor water, dis- 
solved hydrogen peroxide, dissolved hydrogen, conductivity, temperature, nitrogen oxide, corrosion potential, 
crack initiation, quantity of state of progress, pH, and others. 

55 As the material and stress data described above, there are the quantity of state for metallurgical knowl- 

edge, such as the size of material of plant component, chemical compositions, the mechanical strength and 
hardness of material, the stress, thermal stress, strain and residual stress applied on material of plant com- 
ponent, coefficient of stress concentration, relaxation, grain size, precipitation and others. 
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h(x) = (1 + x)/2 
g(x) = (1 - x)/2 
whereas x in the equation is selected as a value of ± 1 only. 

a) An intrinsic index of the subdivided position of the availability of other plant field incident Fz 1 

Fzi = g(x) 

if other plant field incidents are available, x = ♦ 1 

if no other plant field incidents are available, x - - 1 - 
In the case that other plant field incidents are available, each value of F - index is calculated so as 
to become zero ( 0 ) automatically and the check of preventive maintenance is sufficiently carried out once 
again while paying attention to the evaluation of the possibility for the stress corrosion cracking (SCC) by 
F - index. , 

b) An intrinsic index of the subdivided position of the availability of remedy rF*2 

Fz 2 = g(x)x10 10 

if other plant is remedied, x = ♦ 1 

if other plant is not remedied, x = - 1 
In the case that other plant has its remedy history, that is, if it has not only the remedy for damage 
but also its remedy history for preventive maintenance, F - index is displayed on 10 10 to the position in the 
plant component in order to make a precise check for preventive maintenance. 

c ) An intrinsic index of the subdivided position in the tip component of a crevice : 2 § 

* F2 « = g(x)X102° 

welded component : x = + 1 

non welded component : x = - 1 
There is a difference in the influences on the stress corrosion cracking (SCC) between such crevices 
as shown in the cases of the tip of the crevice component at the position of the plant (one side has an 
opening) and that the tip is not welded and opened (each side has an opening). Therefore, if the present 
index is introduced to display it as 10 20 , then the precise computation of the term F - index is carried out, 
and in some cases, it is possible to let the intrinsic index of the subdivided position of the crevice: 

Fz, has its content including a shape of the crevice. The shape of a crevice mentioned herein means 
an adhesive degree at a contact time of the crevice, width of the crevice, the proportion of the opening 
length in the circumferential length of the crevice and others. 

As shown in Fig. 26, the value of F - index the smaller the shorter the generation of stress corrosion crack- 
ing. In other words, it means that the life of stress corrosion cracking is short and that there is a correlation 
between F - index and the life of stress corrosion cracking. Therefore, the slanting line portion in Fig. 26 indi- 
cates a zone having the potential of the generation of stress corrosion cracking, and on the contrary, the blank 
portion indicates no degradation zone. If represented by an equation, the sound zone except the slanting line 
zone is represented by Equation (1) described above. 

Therefore, it is concluded that any plants may be operated within no degradation zone shown in Fig. 26. 
For example, for each point required for the prevention of stress corrosion cracking in the plant components, 
the values of F - index are computed every second together with the information, such as environmental data, 
material and stress data and the intrinsic static data of control objects and the time variations in F - index of 
this plant are obtained. 

Let us assume that the present point is located at a point a as shown in Fig. 26. In the case of trying to 
prolong the life by increasing the value of F - index up to a point 0 from the managing aspect of stress corrosion 
cracking, any kinds of routes may be adopted if operated within no degradation zone from the point a to the 
point 0 . 

As shown in Fig. 26, it is more excellent to smoothly increase F - index by gradually injecting hydrogen 
gas as shown in Route A as a technology for preventing an environmental assisted cracking of plant material 
than to trace Route B by suddenly injecting a predetermined amount of hydrogen gas from the point A, since 
the former can carefully proceed environmental changes while analyzing precisely the response from the plant 
due to hydrogen injection. 

A method for operating a plant according to the present invention will be explained by taking an example 
thereof along Figs. 27 through 29. Fig. 27. is a view showing a dissolved oxygen content and a dissolved hy- 
drogen peroxide content in reactor water, corrosion potential, time variation in conductivity and hydrogen gas 
injection state, respectively. Fig. 28 is a view showing a time variation of F - index values. Fig. 29 is a charac- 
teristic diagram showing a relation between F - index and start time to SCC. 

Fig. 29 shows the case that the minimum value of F - index is 1 0 in all object points (control object points) 
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erence system to give a function of the subdivided index of degradation of the aimed influencing factor; 

multiplying a product of said subdivided index of degradation of various influencing factors by a 
unit conversion and a coefficient for reliability to define it as an index of degradation for expressing a pos- 
sibility for the generation of said phenomena; 

using the correlation between the index of degradation and said selected parameter for determining 
the transition probability distribution of the degradation phenomena in many systems of said degradation 
phenomena; 

determining the value of said selected parameter for determining the transition probability distrib- 
ution of the degradation phenomena from the variables of the degrees of the influencing factors on the 
degradation phenomena in an evaluation system; 

using said correlation between the parameters for determining the transition probability of said 
degradation phenomena; 

determining the value of the other parameter in the transition probability distribution of the degra- 
dation phenomena from the value of said selected parameter for determining the transition probability 
distribution of the degradation phenomena in the evaluation system; 

estimating the transition probability distribution of the degradation phenomena in the evaluation 
system; and 

predicting by a computational equation the possibilities of the degradation phenomena at the pos- 
itions of said plant component parts to be the evaluation system. 

A system of preventive maintenance for plant component parts according to claim 1, further comprising 
the steps: 

making the position of the similar plant component parts to each plant component an evaluation 
system ; 

obtaining the data for determining the transition probability distribution of the degradation phenom- 
ena at said positions of the plant component parts and/or the data of the influencing factors from the in- 
spection or field incident information of the plant component, while arranging the availability of no deg- 
radation every a specific plant component, part or position; 

using together a correlation between the parameters for determining the transition probability dis- 
tribution of the degradation phenomena in the case of carrying out analysis by a hazard function, in order 
to determine the parameters in the transition probability distribution of the degradation phenomena; 

estimating the values of the parameters in transition probability distribution of the degradation phe- 
nomena; 

knowing one selected parameter in the parameters of the transition probability distribution; 

using the variables of the degrees of the influencing factor on the degradation at said positions of 
the plant component and estimating said index of degradation; 

using the value of this index of degradation and said estimated parameter; 

comparing the index of degradation with a correlation showing the relation between said index of 
degradation and said selected parameter for determining the transition probability distribution of the deg- 
radation phenomena in many systems of the degradation phenomena and confirming or improving the 
predicted precision in this correlation; 

using the correlation for conf irming or improving this precision; 

determining the value of said selected parameter for determining the transition probability distrib- 
ution of the degradation phenomena from the variables of the degrees of the influencing factors on the 
degradation phenomena in an evaluation system; 

using said correlation between the parameters for determining the transition probability distribution 
of the degradation phenomena; 

determining the value of the other parameter in the transition probability distribution of the degra- 
dation phenomena from the value of said selected parameter for determining the transition probability 
distribution of the degradation phenomena in the evaluation system; 

estimating the transition probability distribution of the degradation phenomena in the evaluation, 
system; and 

predicting the possibilities of the degradation phenomena at the positions of said plant component 
parts to be an evaluation system. 

A system of preventive maintenance for plant component parts according to claim 1, further comprising 
the steps: 

making positions of said parts in a specific plant component an evaluation system; 
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distribution of the degradation phenomena in the evaluation system; 

estimating the transition probability distribution of the degradation phenomena in the evaluation 
system; and 

computing the transition probability distribution of the degradation phenomena at the positions of 
said plant component parts to be the evaluation system. 

' A system of preventive maintenance for plant component parts according to claim 2, further comprising 
the steps: 

def ining an index computed from the both of the hazard function of the transition probability dis- 
tribution in said evaluation system and the function of the transition probability distribution of total cost 
of preventive maintenance as a cost index: and 

determining whether or not the preparation for preventive maintenance is necessary and the num- 
ber of the required years of the preparation for preventive maintenance of in combination with said index 
of degradation and cost index. 

A system of preventive maintenance for plant component parts according to claim 1, further comprising 
the steps: 

subdividing a technology of present application into each influencing factor on degradation with re- 
spect to each position of the plant component parts and inputting the value of said technology of present 
application and the value of a reference technology into each influencing factor thus subdivided; 

obtaining the subdivided index of each influencing factor in the technology of present application 
on the basis of the value of the input reference technology; 

computing individually the life index value of degradation due to a product of the subdivided index 
with respect to each position; 

comparing the life index value of degradation at each position of the plant component with a pre- 
determined value and extracting and outputting each position of the plant components showing the small- 
er value of the index of degradation than the predetermined value; 

Inputting each technology subdivided into each influencing factor with respect to each extracted 
position of the plant component parts, said each influencing factor in various technologies being used for 
obtaining each subdivided index, obtaining the life index value of degradation at each position of the plant 
component by the product of said subdivided index, said life index value of degradation at each position 
of the plant component being compared with a predetermined value, and selecting a technology of im- 
provement for adopting the life index value of degradation exceeding the predetermined value; and 

obtaining an optimal technology to output taking the selected technology test of improvement' into 
consideration. 

A system of preventive maintenance for plant component parts according to in claim 1, comprising the 
following means: 

an analytical means (2) of technology for subdividing a technology of present application into each 
influencing factor on degradation with respect to each position of said plant component; 

an input means (3) for inputting the values of said technology of present application and the values 
of a reference technology with respect to each subdivided influencing factor; 

a computational means (4) of life index of degradation for calculating the subdivided index with re- 
spect to each influencing factor of the technology of present application on the basis of the value of the 
reference technology by said input means (3) and determining the life index of degradation by a product 
of said subdivided index with respect to each position of said plant component 

a discrimination means (5) of present technology for comparing the life index value at each position 
of said plant component from said computational means (4) of life index of degradation with a predeter- 
mined value and extracting the position of said plant component showing a smaller life index value of deg- 
radation than the predetermined value; 

a discrimination means (7) of technology of improvement for inputting various subdivided technol- 
ogies into each influencing factor by said input means (3) with respect to each position of the plant com- 
ponent extracted by said discrimination means (5) of present technology, calculating a subdivided index 
using each influencing factor of said various technologies, determining the life index of degradation of 
each position of the plant component by a product of said subdivided index, comparing said life index value 
at each position of said plant component with a predetermined value, and selecting a technology of im- 
provement for taking the life index value exceeding the predetermined value; 

an evaluation means (8) of optimal technology for obtaining an optimal technology taking cost to 
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